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LEARNING OBJECTIVE 


Understanding basic laws and phenomena on 
which operation of sensors and actuators is 
based 


COURSE LEARNING OBJECTIVES 


1. The first objective of this course is to understand basics of 
sensors, actuators and their operating principle. 


2. The second objective is to explain working of various types of 
sensors and actuators. 


3. Third objective is to provide information about interfacing of 
sensors and signal conditioning circuits to establish any control 
system or monitoring system. 


4. The final objective is to provide an understanding on 
characteristic parameters to evaluate sensor performance 


LEARNING OUTCOMES 


Create analytical design 
and development 


Explain fundamental Describe basic laws and Analyze various 
physical and technical phenomena that define approaches, procedures 
solutions for sensors 

and actuators* 


concepts of sensors and behavior of sensors and and results related to 
actuators actuators sensors and actuators 
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CLASS PROFILE 


Actuator 

Actuators convert the electrical signals 
from the system to various physical 
characteristics for their environments. 


Actuators receive input from a system's 
output conditioning unit. 


These generate output for their 
environment. 


Motion or heat is generated as output by 
actuators. 


Actuators are placed at a system's output 
port. 

For instance, heaters, comb drives, 
pneumatic cylinders, hydraulic cylinders, 
and electric motors 


Sensor 

Sensors convert the physical 
characteristics from their environment to 
electrical signals for the system. 


Sensors receive input from their 
environments. 


Sensors generate output for a system's 
input conditioning unit. 


Electrical signals are generated as output 
by sensors. 


Sensors are placed at a system's input 
port. 

For instance, thermometers take our body 
temperatures in the form of physical 
characteristics, convert the temperatures 
into electrical signals, and convey them to 
their systems. Photo-voltaic cells, Tilt 
sensors, Temperature sensors, 
Accelerometers, Ultrasonic sensors, etc., 
are a few types of sensors. 
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COURSE RATIONALE 


Industrial applications 
Medical applications 
Space applications 


Mechatronic system design 
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Sensor Market Research Report Information By Type (Image Sensors, 
Biosensors, Optical Sensors, Motion Sensors, Pressure Sensors, Temperature 
Sensors, Humidity Sensors, Radar Sensors, Touch Sensors, Proximity 
sensors, and Level Sensors), By Component (Microcontrollers, Transceivers, 
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Verticals (Consumer Electronics, Automotive, Industrial IT & Telecom, 
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SENSOR: DEFINED 


A sensor 1s often defined as a device 
that receives and responds to a signal 
or stimulus. 
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MANUAL MODE CONTROL 


Cold Water Thermometer Steam In 


Hot Water 
Out 
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SENSOR: ELECTRICAL SIGNAL 


m A sensor is a device that receives a stimulus 
and responds with an electrical signal. 
= Sensors that are used in artificial systems must 


speak the same language as the devices with 
which they are interfaced 


SENSOR: ELECTRICAL SIGNAL 


The purpose of a sensor is to respond to some 
kind of an input physical property (stimulus) 
and to convert it into an electrical signal which 
is compatible with electronic circuits. 


sensor 
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A MORE REFINED DEFINITION: 1 


A sensor is a device that receives a stimulus and 
responds with an electrical signal 


m Asensor is a translator of a generally nonelectrical value into an electrical value. 


= By "electrical," we mean a signal, which can be channeled, amplified, and modified by 
electronic devices. 


= The sensor’s output signal may be in the form of voltage, current, or charge. 


= These may be further described in terms of amplitude, polarity, frequency, phase, or 
digital code. 


= This set of characteristics is called the output signal format. Therefore, a sensor has 
input properties (of any kind) and electrical output properties. 


SENSOR: ENERGY CONVERSION 


в Any sensor is an energy converter. 


No matter what you try to measure, you always 
deal with energy transfer from the object of 
measurement to the sensor 


SENSOR VERSUS TRANSDUCER 


= [he term sensor should be distinguished from transducer. 
The latter is a converter of any one type of energy into 
another, whereas the former converts any type of energy 
into electrical energy. 


= An example of a transducer is a loudspeaker, which 
converts an electrical signal into a variable magnetic field 
and, subsequently, into acoustic waves 


= [ransducers may be parts of complex sensors 


SENSOR CLASSIFICATIONS 


= Passive and Active: 


m A passive sensor does not need any additional energy source and directly generates an electric 
signal in response to an external stimulus. That is, the input stimulus energy is converted by the 
sensor into the output signal. The examples are a thermocouple, a photodiode, and a 
piezoelectric sensor. 


m The active sensors require external power for their operation, which is called an excitation signal. 
That signal is modified by the sensor to produce the output signal. 


= The active sensors sometimes are called parametric because their own properties change in 
response to an external effect and these properties can be subsequently converted into electric 
signals. It can be stated that a sensor's parameter modulates the excitation signal and that 
modulation carries information of the measured value. For example, a thermistor is a temperature 
sensitive resistor. 
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SENSOR CLASSIFICATIONS 


m Sensors can be classified into Absolute and Relative: 


m An absolute sensor detects a stimulus in reference to an absolute physical scale that is 
independent of the measurement conditions, whereas a relative sensor produces a signal 
that relates to some special case. 


m An example of an absolute sensor is a thermistor, a temperature-sensitive resistor. Its 
electrical resistance directly relates to the absolute temperature scale of Kelvin. 


= Another very popular temperature sensor thermocouple is a relative sensor. It produces an 
electric voltage, which is a function of a temperature gradient across the thermocouple 
wires. Thus, a thermocouple output signal cannot be related to any particular temperature 
without referencing to a known baseline. 


= Another example of the absolute and relative sensors is a pressure sensor. An absolute 
pressure sensor produces signal in reference to vacuum - an absolute zero on a pressure 
scale. A relative pressure sensor produces signal with respect to a selected baseline that is 
not zero pressure, for example, to the atmospheric pressure. 


CLASS ACTIVITY-1 


THINK OF A SMALL SYSTEM THAT HAS SOME SENSING 
AND ACTUATING DEVICES AND ADD VALUE TO THE 
SURROUNDINGS 


SENSOR SPECIFICATIONS 
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